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Abstract — In France, Haemoproteus syrnii is frequently found in the Tawny Owl, Strix aluco. Additional and com- 
plementary features of this species, and in particular the characteristics of volutin, are presented. The authors consider 
the volutin granules as constant in a given species, and discuss their taxonomic value. These cytoplasmic inclusions 
appear early during the first stages of development of the gametocytes as an initial granule which multiplies as the 
parasite develops. They were reported in some species of Haemoproteus but are seldom considered as a specific char- 
acter and described with precision. Sporogony from ookinete to apparently mature sporozoites appears to take place in 
a pupiparous hippoboscid (Ornithomyia sp.). One specimen was crushed between two slides and stained with Giemsa. 
Gametocytes of H. syrnii, many ookinetes, an immature oocyst and mature sporozoites were observed spread all over 
the smear This would allow classifying this species in the Haemoproteus subgenus. We provide associated molecular 
data derived from the cyt b and cox 1 gene from this parasite. We discuss the problems of multiple infections and the 
difficulties in identifying Haemoproteus species and in deriving conclusions from sequences deposited in databases. 

Key words: Haemoproteus syrnii, Strix aluco. Volutin granules, Pupiparous fly, Haemoproteus subgenera, Molecular 
identification. 

Resume — Haemoproteus syrnii chez Strix aluco en France : morphologie, stades de la sporogonie chez un dip- 
tere Hippoboscidae, caracterisation moleculaire et discussion sur I'identification des especes Haemoproteus. En 

France, Haemoproteus syrnii est un parasite frequent des chouettes hulottes, Strix aluco. Le parasite est redecrit et les 
auteurs insistent particulierement sur les caracteres de la volutine, qu'ils considerent comme constants dans une espece 
donnee et dont ils discutent la valeur taxonomique. Ces inclusions cytoplasmiques apparaissent des les premiers stades 
du developpement du gametocyte sous forme d'un granule initial qui se multiplie au cours de revolution du parasite. 
EUes ont ete signalees chez certaines especes d' Haemoproteus mais sont rarement considerees comme un caractere 
specifique et decrites avec precision. La sporogonie semble se developper du stade ookinete au stade sporozoi'te 
apparemment miir chez une Hippoboscidae pupipare (Ornithomyia sp.). Chez un specimen ecrase entre deux lames 
et colore au Giemsa ont ete observes des gametocytes d'H. syrnii, de nombreux ookinetes, un oocyste immature et 
des sporozoites matures disperses sur la lame. Ceci permettrait de classer I'espece dans le sous-genre 
Haemoproteus. Des donnees moleculaires concemant le parasite sont presentees (cyt b et cox 1). Le 
polyparasitisme et les difficultes a identifier les especes d' Haemoproteus ainsi qu'a interpreter les sequences 
deposees dans les banques de donnees sont discutees. 
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Introduction 

Haemoproteus syrnii (Mayer, 1910) [22] was since its ori- 
ginal description recorded in 30 species of Strigiformes [31]. 
Bishop and Bennett [2], in a review of parasites of Strigiformes, 
redescribed H. syrnii in Strix varia from Oklahoma (USA) and 
synonymtzed many other species based on published studies 
and from blood smears deposited at the International Reference 
Center for Avian Haematozoa (IRCAH). Martinsen et al. [18] 
using blood samples provided by Prof I. Papema who collected 
them from Strix seloputo and Ninox scutulata sampled in 
Singapore, in which H. syrnii was identified, provided gene 
sequences from these parasites. The corresponding material 
from Ilan Papema's collection was later deposited at the 
Museum National d'Histoire Naturelle in Paris (MNHN), where 
after study we were able to redescribe the species and distin- 
guish it from H. syrnii (Karadjian et al, unpublished). 

The genus Haemoproteus has been subdivided by Bennett 
etal. (1965) in two subgenera [1]: Haemoproteus andParahae- 
moproteus, mainly on the basis of different vectors: hippobos- 
cid flies for the first one and Culicoides for the second, and on 
morphological differences of the sporogonic stages. 

In his book on avian Haemosporidia, Valkiunas [31] con- 
sidered that species of the subgenus Haemoproteus must be 
restricted to parasites of Columbiformes. Later on, he realized, 
as did other authors [15], that the breadth of hosts of this sub- 
genus could be much larger than previously thought. Levin 
et al. [15] redescribed Haemoproteus iwa Work & Rameyer 
(1996) [36] in Fregata minor from the Galapagos, using mor- 
phological and molecular tools (cyt b). They provided evidence 
that H. iwa is phylogenetically closely related to Haemoproteus 
columbae (Knise 1890) [14], and was very probably transmit- 
ted by hippoboscid flies; consequently, this parasite should be 
classified in the Haemoproteus subgenus. 

In this article we present morphological observations that 
complement the original description of H. syrnii in Strix aluco 
and propose to consider the volutin grains as important morpho- 
logical and biological characters for Haemoproteus spp. game- 
tocytes. We also provide associated sequence data of 
cytochrome b (cyt b) and cytochrome c oxidase I (cox 1) from 
this parasite and we discuss the difiiculties in attempting to 
associate a particular sequence to a taxon, and to establish 
meaningflil comparisons with data deposited in GenBank. 
Finally, we discuss the parasite's taxonomic status and the host 
range of subgenera Haemoproteus and Parahaemoproteus. 

Materials and methods 
Materials 

The biological material from S. aluco, included in this 
study, originated from Emile Brumpt's collection and two loca- 
tion sites in France (see Table 1): 

(i) Emile Brumpt's collection: Seven blood smears col- 
lected in 1934 at Richelieu (Indre et Loire). 

(ii) Hopital de la Faune Sauvage des Gamgues et Cevennes 
(Herault): 39 blood smears from 7 adults and 32 juvenile 
S. aluco. For molecular characterization, two blood 



samples (one EDTA tube and one blood spot) were with- 
drawn from the brachial vein of birds (163BF and 154ZI) 
that harboured single infections with H. syrnii. Samples 
were collected from June 20 1 1 to January 20 1 3 . 
(iii) Centre Regional de Soins pour la Faune Sauvage, Pas-de- 
Calais: 6 blood smears from 5 adults and 1 juvenile bird. 
Samples were collected from October to December 201 1 . 



Slides 

All the blood smears on which the redescription was based 
were deposited in the collection of the Museum National d'His- 
toire Naturelle, Paris, France. The record numbers and the dates 
at which the smears were made can be found in Table 1 . All the 
smears were fixed by absolute methanol prior to Giemsa stain- 
ing (10% in phosphate-buffered solution pH = 7.4) during one 
hour. They were then covered by a coverslip that was mounted 
with Eukitt® resin before examination under oil immersion. 
Pigment granules were examined and photographed in 
unstained methanol fixed blood smears. 

Slides from Strix seloputo included in Papema's collection 
are deposited in the MNHN under number 176BF, PIX58-60. 

Molecular methods 

Blood samples were extracted using DNA Qiagen Micro 
Kit following the manufacturer's instruction handbook for 
whole blood and blood spot extraction. 

Partial mitochondrial gene cyt b (750 bp) and cox 1 
(1293 bp) amphfications of the samples 163BF and 154 ZI 
were done using specific primers and protocols from Duval 
et al. (2007) [5]. The PCR products were sequenced using 
PLAS3 and PLAS4 primers by Cogenics. The cyt b partial gene 
sequences obtained included the cyt b gene region proposed as 
a standard for DNA bar-coding system for avian Haemoproteus 
species [9]. 

Avian Haemosporidia cyt b sequences were retrieved from 
GenBank (http://www.ncbi.nlm.nih.gov) for phylogenetic 
reconstruction. Molecular phylogeny was performed with 
346 bp of mitochondrial cyt b gene by using Maximum-Like- 
lihood methods with GTR model and nodal robustness evalu- 
ated by non-parametric bootstrapping (100 rephcates) [8] 
(Figure 36). The phylogenetic free was rooted using avian Leu- 
cocytozoon parasites. 

Sequences of cyt b and cox 1 were deposited in GenBank 
as KF279523 and KF279522, respectively. The genetic distance 
between the Martinsen et al (2006) [18] sequences and the 
newly generated sequences from S. aluco was estimated by 
/i-distance method based on cyt b and cox 1 . 

Results 

In all the materials we have examined, we could only 
observe gametocytes identifiable as H. syrnii, though a Plasmo- 
dium, a Tiypanosoma and a few gametocytes from a Leucocy- 
tozoon, were also observed in some specimens. 
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Table 1. Bird specimens {Strix aluco) studied, details about sampling and collection, and level of infection with Haemoproteus symii 
(~: uninfected; + to +++, level of infection). 



Geographical origins 







llliCLlIUIl 


Oallipilllg IIUIIIUCIO 


x^UllCClIUIl IlUillU 


3/6/2011 


Juvenile 








3/6/2011 


Juvenile 








3/6/2011 


Juvenile 








3/6/2011 


Juvenile 








3/6/2011 


Juvenile 








3/6/2011 


Juvenile 








3/6/2011 


Juvenile 








3/6/2011 


Juvenile 








3/6/2011 


Juvenile 








3/6/2011 


Juvenile 








3/6/2011 


Juvenile 








3/6/2011 


Juvenile 








3/6/2011 


Juvenile 








3/6/2011 


Adult 


++ 


163 BF 


PXTV 14 


3/6/2011 


Juvenile 


— 






25/6/2011 


Adult 


+++ 


167 BF 


PXIV 15 


7/5/2012 


Adult 


+++ 


168 BF 


PXIV 51-52 


7/5/2012 


Juvenile 


+++ 


169 BF 


pxrv 53 


7/5/2012 


Adult 


+++ 


170 BF 


PXTV 54 


7/5/2012 


Adult 


+ 


171 BF 


PXTV 55 


7/5/2012 


Adult 


+++ 


172 BF 


PXTV 56 


7/6/2012 


Juvenile 




562 VM 




7/6/2012 


Juvenile 




563 VM 




7/6/2012 


Juvenile 




564 VM 




7/6/2012 


Juvenile 




565 VM 




7/6/2012 


Juvenile 




566 VM 




7/6/2012 


Juvenile 




567 VM 




7/6/701 7 


TiiA/^pn lip 




568 VM 




7/6/2012 


Juvenile 





569 VM 




7/6/2012 


Juvenile 


_ 


570 VM 




7/6/2012 


Juvenile 


_ 


571 VM 




7/6/2012 


Juvenile 


_ 


572 VM 




7/6/2012 


Juvenile 


_ 


573 VM 




7/6/2012 


Juvenile 


- 


574 VM 




7/6/2012 


Juvenile 


— 


575 VM 




7/6/2012 


Juvenile 




576 VM 




7/6/2012 


Juvenile 




577 VM 




T //r/'l A1 T 

//0/2012 


Juvenile 




0 /S VM 




1 1 1 /O A1 1 


Adult 


+ 


154 Z,l 


D vr\ r IOC 
rAlV 125 


5/10/2011 


Juvenile 


_ 






5/10/2011 


Adult 









5/10/2011 


Adult 


+++ 


840 JM 


PXIV 16 


5/10/2011 


Adult 








5/10/2011 


Adult 








7/12/2011 


Adult 








18/8/1934 


Unknown 


+++ 


193 YY 


PXIV 7 


19/8/1934 


Unknown 


+++ 


194 YY 


PXIV 8-9 


21/8/1934 


Unknown 


+++ 


196 YY 


pxrv 10-11 


20/8/1934 


Unknown 


+++ 


195 YY 


PXIV 11 


22/8/1934 


Unknown 


+++ 


197 YY 


PXIV 12 


4/8/1934 


Unknown 


+++ 


166 BF 


PXIV 13 


7/8/1934 


Unknown 


+++ 


666 LV 


PXIV 16 



Herault (34) 



Pas-de-Calais (62) 



Indre-et-Loire (37) 



4 



G. Karadjian et al: Parasite 2013, 20, 32 



Morphological redescriptlon of Haemoproteus 
syrnii in Strix aluco 

The rings and very yoimg gametocytes lie in an apical or 
subapical position and are rarely in contact with the red blood 
cell (RBC) nucleus or its membrane. 

The parasite is initially rounded or oval, and it comprises a 
cap-like nucleus, a large white vacuole and a first large granule 
of volutin deep garnet in colour with sometimes a less dark centre. 
Thereafter, the gametocyte elongates and becomes situated along 
the RBC nucleus. It has one end that is more peaked, even quite 
sharp, than the other. That first grain of volutin is found at this 
sharp end, or sometimes close to the nucleus. It is sometimes 
aimular, a very characteristic feature (Figures 1^, 17-24) that 
was previously observed by Mayer, in 1911, particularly in 
Figures 1 and 4 [21]. We have also observed cases where one 
or two granules appear to detach fi^om the initial granule 
(Figure 5). At the next developmental stage, the gametocyte elon- 
gates fiirther and the extremities become blunted (Figures 5-6, 
22-25), the nucleus is median and the large vacuole irom the 
younger stages has disappeared and small vacuoles are scattered 
in the cytoplasm (Figures 6, 23-25). Thereafter, it becomes 
loaded with volutin granules that progressively occupy the para- 
site's ends (Figures 7,26), and are particularly predominant in mi- 
crogametocytes (Figures 11-14, 27, 28). In macrogametocytes, 
the nucleus is also median but the granules are distributed 
throughout the cytoplasm where many small vacuoles can be 
found (Figures 8-10, 29, 30). Finally, the parasite elongates yet 
ftirther and its extremities curve around the RBC nucleus, though 
without encompassing it completely (Figures 9-13, 28-30). 
Generally one notes a thin space between the nucleus and the 
gametocyte. The opposing lateral border reaches the RBC mem- 
brane, but the curving ends leave a free space. Pigment granules 
are obscured by the volutin in stained slides and are described in 
unstained material (Figure 31): they are dispersed, black, 
elongated and of medium size (0.5-1.0 |im). 

Volutin granules are distinctly finer in mature microgameto- 
cytes as compared to those in macrogametocytes. For both 
sexes the granules become smaller and more numerous as the 
gametocytes age. This ageing is accompanied by hyper-chro- 
mophilia; the chromatin is less granular and small very white 
vacuoles are seen throughout. 

The RBC nucleus is central in young forms, whereas it 
appears more or less displaced in older or mature forms depend- 
ing on the way the gametocyte is positioned on the shde at the 
time the blood smear is drawn; in these mature or aged game- 
tocytes the nucleus is generally on a plane above that of the par- 
asites and it might be rounded and condensed. 

Notes: Mayer noted the presence of the tirst volutin granule 
in the very young stages [22] though he interpreted it as a sec- 
ond nucleus (kem). Our observations, and in particular the 
appearance of other attached granules, lead us to consider it 
as the initial volutin granule. 

Sporogony in a hippoboscid fly (Ornithomyia sp.) 

In the smear obtained by squashing the hippoboscid fly 
we observed munerous elongated or rounded gametocytes 



(Figures 32, 33), and ookinetes (Figure 35). The shape and 
appearance of the gametocytes, including the presence of volu- 
tin, correspond to those of H. symii. Numerous sporozoites 
were dotted on the smear (Figures 32, 33). We have measured 
those that appeared to us to have reached maturity (Figure 34) 
(an average of 12 ^m). They have a central nucleus formed by 
three grains, and a sharp extremity. At one place on the slide we 
noted a collection of smaller immature sporozoites radiating 
from centres (Figure 33), which probably represents a nearly 
mature oocyst that was burst by the squashing. 

Molecular characterizations and phylogenetic 
reconstruction 

750 bp of cyt b and 1293 bp of cox 1 sequences obtained 
were associated with H. symii morphospecies identified and 
described in this paper. Alignment of these partial gene 
sequences with cyt b and cox 1 associated with H. symii pub- 
lished by Martinsen et al. [18] showed a molecular divergence 
of 3% for cyt b and 3.3% for cox I. 

Phylogenetically, H. symii is included in the group/clade 
that contains parasites from both the subgenera Parahaemopro- 
teus and Haemoproteus. 

Discussion 
Prevalence 

The great majority of the infected Tawny Owls were adults 
6/10 (60%) while only 1/33 (3%)) was a juvenile. However, 
most of the juveniles (31/33) had been examined in June. 
Although many had heavy infections with Leucocytozoon only 
one juvenile examined (07/05/2012) harboured Haemoproteus 
(Table 1). 

RBC nucleus 

The morphology of the RBC and the position of the parasite 
with respect to the RBC nucleus are important characters for 
each species and they are generally noted in their descriptions. 
Many parasites surround the RBC nucleus completely or par- 
tially. In H. syrnii, the extremities of the parasite curve around 
the extremities of the RBC nucleus, though without encompass- 
ing it completely. In thin red blood films the parasite has a ten- 
dency to position itself on an inferior plane to that of the RBC 
nucleus, and as it reaches maturity to spread on the slide; by 
varying the focal point of the microscope one can perceive that 
the RBC nucleus is not on the same plane as the gametocyte. 
However, sometimes this appearance is misleading as it is inter- 
preted in mature fornis as that of a gametocyte that completely 
surrounds and engulfs the RBC nucleus (Figure 1 5). 

Volutin 

Heavy production of volutin is observed in a number of 
Haemoproteus species that infect raptors, particularly species 
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Figures 1-16. Drawings of erythrocytic stages of Haemoproteus syrnii in the blood of Strix aluco. young trophozoites with an initial 
volutin granule; 5: two young gametocytes with 1 or 2 volutin granules attached to the initial granule; 6-7 young gametocytes; 8-10 mature 
macrogametocytes; 11, 13: mature microgametocytes; 12: old microgametocyte; 14: two microgametocytes within the same RBC; 15: a 
microgametocyte spread beneath the RBC nucleus; 16: microgametocyte with faded staining and where the volutin granules are still visible. 
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Figures 17-31. Microphotographs of Haemoproteus syrnii gametocytes in the blood of Strix aluco. 17-24: young gametocytes with the initial 
volutin granule (arrow); 25-26: immature gametocytes; 27-28: microgametocytes; 29: two macrogametocytes and a microgametocyte (arrow); 
30: macrogametocyte and microgametocyte (arrow). Giemsa staining; 31: unstained smear: pigment of gametocyte. 



from two related families: Accipitridae and Strigidae. It was not 
noted in species infecting the Falconidae. 

Bishop & Bennett (1989) [2] noted that the observation of 
volutin sometimes depends on the staining. Valkiiinas [31] con- 
sidered that these cytoplasmic inclusion are of little interest to 
systematics: "The presence and amount of valutrn in gameto- 
cytes of the majority of haemoproteid species are variable char- 
acters. Taken separately, as a rule, these characters cannot be 
used for the identification of//, buteonis and other species". 
On the contrary, we consider it to be a constant characteristic, 
playing an important metabolic role, and to present distinct vari- 
ations between the species. Emile Brumpt followed the infec- 



tion in S. aluco over long periods (many weeks). We 
observed that volutin was always present in samples from his 
collection and that its characteristics remained invariant even 
when the smears were partially discoloured (Figure 1 6). There- 
fore, we consider these granules as important indicators of the 
parasite's metabohsm, and given the morphology and property 
that are characteristic for each species, as usefiil for parasite 
systematics. 

The nature of the volutin grains observed in avian Haemo- 
proteus has not been determined but it is probable that they rep- 
resent acidocalcisomes (personal communication of Prof 
Docampo). These are acidic cytoplasmic inclusions that are 
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Figures 32-35. Microphotographs of developmental stages of Haemoproteus syrnii in the hippoboscid fly. 32 : sporozoites issued from a burst 
oocyst and a gametocyte; 33: burst oocyst with sporozoites still attached to the cytomeres, and a gametocyte; 34: two mature sporozoites; 35: 
ookinetes. Giemsa staining. 



frequently observed in plants and in different parasites such as 
Leishmania donovani [28], Toxoplasma gondii [27], Plasmo- 
dium berghei [17], Plasmodium falciparum [16] and Trypano- 
soma cruzi [29, 30]. In the latter, the authors did detect a 
polyphosphate kinase and exopolyphosphatase activity in the 
acidocalcisome, and suggested that the organelle has a meta- 
bolic role that allows the parasite to adapt to environmental 
changes [29]. It would be interesting to investigate their role 
in some of the avian Haemoproteidae where they appear partic- 
ularly early and with abundance, in contrast to numerous other 
species where they are not observed following Giemsa staining. 

Interpretation of the phylogenetic analysis 

Phylogenetic analyses were based on partial sequences of 
the parasites' gene coding for cytochrome b. Three well-sup- 
ported groups emerge. The first group comprises Plasmodium 
species; the second group comprises Haemoproteus (Haemo- 
proteus) species that include H. columbae and H. multipigment- 
atus VaUcinnas (2010) [35], both parasites of Columbiformes, 
and H. iwa Work & Rameyer (1996) [36], a parasite of Pelec- 
aniformes, as well as other sequences that originate from 
Columbiformes and Pelecaniformes parasites that have not been 
identified at the species level; the third group contains H. turtur 



Covaleda (1950) [4], sensu Martinsen et al. (2006) [18], 
H. sacharovi (Novy & MacNeal 1904) [24] and H. syrnii (this 
study). The development of these last species in pupiparous 
dipterans justifies their classification in the Haemoproteus 
subgenus. 

Another group, "Strix parasites" contains the H. syrnii (this 
study) and four other parasite sequences derived from other 
Strix. The Haemoproteus cyt b sequence identified by 
Martinsen et al. (2006) [18] diverges by 3% from the one we 
obtained. Two other Haemoproteus sequences found in para- 
sites from Strix varia are identical to each other but differ from 
the H. syrnii sequence. Finally, a sequence from a parasite 
found in S. aluco in Germany [13] is identical to the one we 
obtained, though the author identified it as H. noctuae (Celli 
& San Fehce 1891) [3], a species that, in contrast to H. syrnii, 
does not contain volutin. Thus, it is likely that the sequence 
attributed to H. noctuae is in fact from H. syrnii, a parasite that 
would have been missed during microscopic examination. 

Taxonomic status 

The hippoboscid fly reached us squashed between two glass 
slides, which precluded the possibility to identify the species. 
The species most frequently observed on the birds of prey in 
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-L. majoris FJ168563 (Zonotrichia leucophrys) 

85 , L. fringillinarum ¥i\6%S6A.\ {Pipilo chlorurus) 



L. gentili DQ45 1438 {Passer domesticus) 



87 



ICQ 



H. columbae EU254548 {Columba livid) 

-H. multipigmentatus TN7^i933 (Columbina passerina) 

■ HNZB9 JF833059 {Sula granti) 

-H. multipigmentatus JN788932 {Zenaida macroura) 

-HCY18 JF833042 {Fregata magnificens) 

•HGA02CI1 HM222487 {Columbina passerina) 

-H. iwa JF833050 {Fregata minor) 
-HFMAG15 JF833045 {Fregata minor) 



•-HCYIQ JF833043 {Fregata magnificens) 



HAEMOPROTEUS 



86 



■H. enucleator DQ659592 {Alcedo leucogaster) 

H. syrnii DQ451424 {Strix seloputo) 

f-mi AF465589 {Strix varia) 
HBROW06201 EU627834 {Strix varia) 



pl54ZI {Strix aluco) 

^HH-STAL2 EF607290 {Strix aluco) 

HWAH9 EU8 10727 {Bleda syndactyla) 

— H44 AF465592 {Eudynamys cyanocephala) 

86 -ParaACCKGM GQ395631 {Spheniscus mendiculus) 



LParabirdsp GQ141557 {Anas crecca) HAEMOPROTEUS I 

.^^n.^.o.r, J , PARAHAEMOPROTEUS 

■Ji. sacnarovi JA073258 (Zenaida macroura) MIXED 

H. tortM?- DQ451425 {Streptopelia senegalensis)_ 



95 



97 



0.05 



-P. multivacuolaris FJ389157 {Andropadus latirostris) 

P. juxtanucleare AB250415 {Callus gallus domesticus) 

—P. globularis EU770151 {Andropadus latirostris) 



P. gallinaceum AB599930 {Callus gallus domesticus) 

-P. relictum AY733090 {Hemignathus virens) 
— P. cathemerium AY377128 {Serinus canaria) 
— P. sp EFOl 1 194 {Emberiza hortulana) 



-P. circumjlexum JQ778279 {Parus major) 



PLASMODIUM 



Figure 36. Maximum-likelihood phylogeny of mitochondrial cytochrome b lineages (346 bp) of avian Plasmodium spp. (8 sequences) and 
Haemoproteus spp. (21 sequences). Three sequences of Leucocytozoon spp. are used as outgroup. Bootstrap values > 70% are indicated near 
the nodes. GenBank accessions numbers and hosts (in parentheses) are indicated after the name of the parasite. 



Europe is Ornithomyia avicularia (Linnaeus, 1761). This pupi- 
para is a ubiquitous ectoparasite recorded in a diversity of bird 
species [6, 11]. Indeed, this species retains well-developed 
wings that allow it to switch to another host with ease, when 
the one it is on is in distress or dies [20]. Through this behav- 
iour, this insect could play an important role as a vector of hae- 
moproteids within bird nests, colonies or dormitories. In our 
study, the hippoboscid fly was collected engorged with the 
blood of a S. aluco that was infected by H. syrnii and to which 



it was attached. Some observations show that Haemoproteus 
may develop until the oocyst stage in an abnonnal host how- 
ever they do not reach the sporozoite stage as seen in our 
infected Hippoboscid fly [34]. 

We consider it most likely that the complete development of 
the parasite that we observed in the insect, i.e. the mature spo- 
rozoite stage, belongs to H. syrnii. We thus consider, pending 
confirmation, that this suggests that this species should be clas- 
sified within the subgenus Haemoproteus. 
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Problems of species identification 

Many natural infections are a mixture of different species. 
Ancient authors considered that each host harboured a single 
species and described morphological differences that were 
attributed to the variability of the same species. Molecular tools 
may sometimes detect the presence of more than one taxon. 
However, often only one of the species present in the blood 
is revealed and it is not always the predominant one. It could 
even be one that was overlooked when examining the slides 
with a microscope. 

VaMunas et al. pointed out this bias [32], and also recom- 
mended great caution when comparing new sequences with 
those registered in GenBank which were not properly identi- 
fied. They also considered that it is essential to associate the 
morphological description to the sequence data. 

In several cases there are important discrepancies between 
the morphology in the original descriptions and the redescrip- 
tions by subsequent authors, and the sequences deposited in 
GenBank which are of uncertain identification. 

An example of misidentifications relevant to our work is the 
following. In 2008, Papema [25] succinctly described a "//ae- 
moproteus symii" in Strix seloputo and Ninox scutulata from 
Singapore. A specimen of blood was sent to USA [19] for 
molecular analysis and the blood smears were deposited in 
the collection of the Museum National d'Histoire Naturelle in 
Paris. It appeared that the parasite from Singapore [18, 19] 
and the parasite redescribed in this study are morphologically 
and molecularly two different species (Karadjian et al, unpub- 
hshed data). 

The subgenera of Haemoproteus 

Three species considered to belong to the subgenus Haemo- 
proteus cluster with the Parahaemoproteus group in the various 
trees proposed [23, 33]: H. symii, H. sacharovi and H. turtur. 
H. symii and H. saccharovi seem to be single infections. We 
have examined more than 1 5 blood smears positive for H. syr- 
nii without finding any evidence of a multiple species infection. 
Blood smears of H. sacharovi in Zenaida macroura, a parasite 
with a very characteristic morphology, were examined thor- 
oughly by VaUciunas et al. [33] and Krizanauskiene et al. 
[12] who concluded that the infection was single. In the case 
of H. turtur isolated by Prof Papema from S. senegalensis 
and sequenced by Martinsen et al. [19] we cannot at present 
be sure that the infection was pure. 

Krizanauskiene et al. [12] on the sole basis of the sequences 
obtained fi^om the partial cyt b concluded that the Haemopro- 
teus of birds should be classified in two monophyletic groups: 
subgenus Haemoproteus comprising H. columbae and all spe- 
cies clustering with it and subgenus Parahaemoproteus gather- 
ing all the other species [12]. They challenged the experimental 
conditions of transmission by pupiparans of Haemoproteus sac- 
charovi by Huff [10] and of//, turtur by Rashdan [26], both 
species clustering with Parahaemoproteus. 

We think that it is premature to establish a systematic clas- 
sification of the haemoproteid species based only on the cyt b 
partial sequences and to draw conclusions from these data on 



the classification of the parasites which is based by definition 
on their the hfe cycle, i.e. vector, type of sporogony and type 
of tissue schizogony [1, 7]. 
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